Because of the existence of the "black box" hypothesis, the internal operation mechanism of the economic development process is neglected. The paper describes the internal components and operation mechanism of the economic development process by constructing a network, consisting of economic production stage and environmental governance stage. The network Malmquist productivity index is employed to evaluate the green total factor productivity of China during the 12th Five-Year Plan period. The results show that: The overall environmental governance of China is in good condition. The change of network Malmquist productivity index is more closely related to the network technical change. The Malmquist productivity index of the whole network of economic development system shows an inverted "V" change, which is the same as that of two stages. The performance of the eastern region is the best, followed by the northeast region, the central region and the western region are below average.
Introduction
Since the reform and opening up, China's economic strength has been increasing and it has become one of the most potential countries in the world. However, with the acceleration of economic development, people are gradually aware of the ensuing ecological problems while fully enjoying material wealth. Environmental pollution not only has a long-term and far-reaching impact on economic development but also threatens the mother earth on which human beings depend. At present, all countries in the world have realized the importance of sustainable development and have taken measures to governance environment.
In this context, the study of green total factor productivity is helpful to understand the level of coordinated development of the economy and environment of China. At present, research on green total factor productivity is mostly single-stage, which studies economic efficiency or environmental efficiency separately, or studies economic efficiency and environmental efficiency separately and then sets weights artificially to sum up. Our study changes the existing literature which regards the economic development process as a "black box" to calculate green total factor productivity. Based on the perspective of two stages of economic production and environmental governance, the study evaluates China's green total factor productivity by using network Malmquist productivity index. The remainder of the paper is organized as follows. In section 2, we review the relevant literature. In section 3, we introduce the theoretical framework of this study, namely the models and research methods used. In section 4, we analyze the green total factor productivity of China during the 12th Five-Year Plan Period. We conclude the study and make policy recommendations in the last section.
Literature Review
With the rise of the green industrial revolution, some scholars began to incorporate environmental pollution as unpaid inputs into the framework of total factor productivity accounting system on the basis of traditional total factor productivity [1] [2] [3] [4] . However, more and more studies show that the output characteristics of pollutant emissions are negative products of desirable outputs, which should be classified as undesirable outputs [5] [6] [7] . This new total factor productivity is defined as green total factor productivity (GTFP), which is an important index to evaluate the productivity of a country or region based on the consideration of resource input and environmental cost [8] .
There are two main methods for evaluating green total factor productivity: one is parameter method such as Stochastic Frontier Analysis (SFA), and the other is non-parametric method such as Data Envelopment Analysis (DEA). DEA model does not need to assume a production function or estimate parameters. The evaluation results of the DEA model are relatively objective and fair, which can effectively deal with the efficiency evaluation of multi-input and multi-output decision making units (DMU). Therefore, DEA has become a mainstream efficiency evaluation tool [9] .
In the existing related research, previous studies on green total factor productivity have focused on one industry or one resource for efficiency evaluation, and then make a comparative analysis to find out the causes of inefficiency and put forward corresponding suggestions [10] [11] [12] [13] [14] . At the same time, we can see that most of the previous studies regard the economic production process as an encapsulated "black box", ignoring the impact of its internal factors and related structure on efficiency [15, 16] . Because of the existence of the "black box" hypothesis, the internal operation mechanism of the economic development process is neglected. Therefore, the interaction effect between the economic production stage and environmental governance stage in the production process will be concealed. Although invalid decision making units can be identified, the results cannot accurately reflect the system efficiency and the trend of productivity due to deviations and cannot go deep into the DMUs to further explore the underlying causes of its inefficiency in order to clear the direction of improvement. Therefore, it is of great theoretical and practical significance to open the "black box" of DMUs to study the efficiency of subsystems within each DMU. The network DEA model provides an effective analysis means to solve the static performance evaluation problem of such complex organizational structure [17] . So far, research on productivity estimation of DMUs with network structure is relatively rare, especially green total factor productivity.
On the basis of literature research, our study intends to expand the following two aspects: Firstly, we construct the network Malmquist productivity index model, which opens the encapsulated "black box" of each DMU in the traditional single-stage DEA model. Secondly, we construct the network structure of economic development system, which can be divided into the economic production stage and environmental governance stage. And then we apply the proposed network Malmquist productivity index to evaluate the green total factor productivity of China during the 12th Five-Year Plan period. It is of great significance to find out the root causes and fundamental driving forces that influence the change of green total factor productivity in China.
Theoretical Framework

The Network Structure
China's development route is "development first, clean up later". Economic production consumes or transforms various resources to produce products or services needed by the social activities of human beings by utilizing production technology. Due to the neglect of green production and the limitation of production technology, the resources invested will not be all transformed into products or services needed by people, but will also produce undesirable outputs and other unfavorable to the ecological environment. Their accumulation over a long period of time will inevitably cause damage to the ecological environment, which in turn affects human social and economic activities. Consequently, it is necessary to invest resources to governance environment and get light pollution or useful goods, so as to reduce the damage to the environment. Therefore, we can divide the economic development system into economic production stage and environmental governance stage, as shown in Figure 1 . 
The Network Distance Function
As shown in Figure 1 , in the economic production stage, ( = 1, ⋯ , ) uses inputs, ( = 1, ⋯ , ) to produce outputs, ( = 1, ⋯ , ) and intermediate products, ( = 1, ⋯ , ). We can get the distance function of in the economic production stage:
In the environmental governance stage, ( = 1, ⋯ , ) uses inputs, ( = 1, ⋯ , ) to govern intermediate products, ( = 1, ⋯ , ) and produce outputs ( = 1, ⋯ , ) . The distance function of in the environmental governance stage is as follows:
The two stages have interactive effects. Therefore, when we evaluate the efficiency of one stage, we should consider the impact of another stage on the stage. The Eq. (1) is further improved to obtain the network distance function of in the economic production stage:
The Network Malmquist Productivity Index
The traditional Malmquist productivity index (MPI) of in the economic production stage can be defined and decomposed as
Intermediate Products
Inputs
Stage S1 Economic Production 
Malmquist productivity index reflects the productivity change, which is greater (or less) than one corresponds to productivity gain (or loss).
, , +1 indicates the technical efficiency change (EC), namely catching up effect, which is greater (or less) than one means that the distance between and frontier at time period + 1 is closer (or further) than that at time period , so the relative efficiency is improved. , , +1 indicates the technical change (TC), namely frontier shift effect, which is greater (or less) than one signals technical progress (or retrogression).
On the basis of the traditional single-stage Malmquist productivity index, this study opens the "black box" of each DMU, constructs the network structure of economic development system. Analogously, the network Malmquist productivity index (NMPI) based on network directional distance functions of in the economic production stage can be defined and decomposed as 
Another cross-period directional distance function , +1 ( , , , , ) is estimated analogously, with the time period and + 1 interchanged in Eq. (6). Eq. (6) is estimated under CRS, which can be estimated under VRS or NIRS by adding restriction ∑ =1 = 1 or ∑ =1 ≤ 1.
The overall efficiency of the system is E = × . The study considers that environmental governance is as important as economic production, so the weight = = 0.5.
Empirical Study
Data Sources
The data consist of annual observations of 30 provinces in China (excluding Tibet, Hong Kong, Macao and Taiwan) during the 12th Five-Year Plan period.
In the economic production stage, labor force ( 1 ), capital stock ( 2 ) and energy consumption ( 3 ) are chosen as inputs. Gross Regional Product ( 1 ) is chosen as desirable output, industrial waste water production ( 1 ), volume of industrial SO 2 production ( 2 ) and common industrial solid wastes generated ( 3 ) are chosen as intermediate productions. In the environmental governance stage, intermediate products produced in economic production stage are chosen as internal inputs, number of industrial treatment facilities ( 1 ) and investment in treatment of environment pollution ( 2 ) are chosen as external inputs, industrial waste water treated ( 1 ), volume of industrial SO 2 removed ( 2 ) and common industrial solid wastes comprehensively utilized ( 3 ) are chosen as outputs.
The data in this study are from China Statistical Yearbook (2011-2016), China Statistical Yearbook on Environment (2012-2016) and China Environment Yearbook (2012) (2013) (2014) (2015) (2016) .
Analysis on the Change of Green Total Factor Productivity in the System
The network Malmquist productivity index proposed in the study is employed to measure the green total factor productivity of China during the 12th Five-Year Plan period. Table 1 shows the average NMPI and its composition during the 12th Five-Year Plan period and Table 2 shows the annual changes of the overall NMPI and its decomposition of the system. From the perspective of provinces, the GTFP of 30 provinces fluctuated between [0.976,1.134] during the 12th Five-Year Plan period, with an average value of 1.015, indicating the overall environmental governance of China is in good condition, with an average annual growth rate of 1.5%. Among them, Beijing had the highest NMPI and Guangxi had the lowest.
From the perspective of decomposition, the change of NMPI was more closely related to NTC. It can be seen that the decline of NTC leads to the regression of NMPI and the rise of NEC is the leading force driving the improvement of NMPI in China.
The annual changes of the overall NMPI and its decomposition of the system are shown in Table 2 . The NMPI of the whole network of economic development system shows an inverted "V" change, which is the same as the MPI of two stages, while the system NEC is the same as that of the EC in economic production stage. The peak value of NEC appears in 2012-2013, while NTC varies little.
Analysis on the Change of Green Total Factor Productivity in Two Stages
During the 12th Five-Year Plan period, China's overall environmental governance was in good condition, and the average NMPI was greater than one, which indicates the improvement of GTFP in China. Among them, average MPI in the economic production stage increased by 5.4% annually, while the MPI in the environmental governance stage decreased by 1.3% annually. The economic production stage is the main stage that drives the increase of GTFP in China. Low MPI in the environmental governance stage is mainly caused by the low TC. Except for 2012-2013, the MPI and TC in other years are less than one.
From the perspective of the province, the performance of all provinces in the economic production stage is satisfactory while the performance in the environmental governance stage is irregular.
Regional Difference Analysis of the Change of Green Total Factor Productivity
Spatially, China is divided into four regions to find out the regional differences of China's GTFP. The results are shown in Table 3 . Firstly, during the 12th Five-Year Plan period, the annual average GTFP in the four regions of China were greater than one, and the annual average growth rate was 1.5%. The performance of the eastern region (1.025) was the best, followed by the northeast region (1.016), the central region (1.004) and the western region (1.012) were lower than the average. Secondly, from the source of the growth of GTFP, except NTC in the central region was negative, the NEC and NTC in other regions were increasing. The NEC of the economic development system and the two stages increased exponentially and obvious catching up effect has taken place, which has become the main driving force to promote the growth of GTFP. Finally, from a systematic point of view, the MPI in the environmental governance stage is generally negative, especially TC, which can be seen that the decline of the TC in the environmental governance stage lead to the decline of MPI.
Summary
The study has made a great improvement in the calculation of green total factor productivity. We construct a network Malmquist productivity index model to open the "black box" of traditional single-stage DEA model. Then we calculate the individual efficiency of each stage and the overall efficiency of the system and observe the changes of technical efficiency change and technical change in each stage to improve the measurement method. In addition, the study constructs the network structure of economic development system and divides it into economic production stage and environmental governance stage. Then we employ the proposed network Malmquist productivity index to evaluate the green total factor productivity of China during the 12th Five-Year Plan period. It is of great theoretical and practical significance to find out the root causes and fundamental driving forces that influence the change of green total factor productivity in China by decomposing the network Malmquist productivity index into network technology efficiency change and network technical change.
